Purpose Low-dose computed tomography (LDCT) has been reported as an effective screening method for lung cancer in high-risk populations. We aimed to examine willingness to be screened among Korean males using LDCT and to determine factors associated with lung cancer screening intentions (LCS) based on the Health Belief Model (HBM).
Introduction
According to GLOBOCAN 2012, South Korea has the third highest lung cancer incidence worldwide. Among Korean men, lung cancer ranks the third most common cancer [1] . In 2011, the National Lung Screening Trial (NLST) reported that lung cancer screening by low-dose computed tomography (LDCT) significantly decreased lung cancer mortality (6.7%) and overall mortality (20%) among high-risk individuals [2] .
According to Korean guidelines for lung cancer screening, annual LDCT screening is recommended to current smokers and ex-smokers (if less than 15 years have elapsed since smoking cessation) aged 55 to 74 years with a smoking history of 30 pack-years or more [3] .
Despite of the effectiveness of lung cancer screening by LDCT, the harms thereof warrant consideration. In the NLST, 96.4% of the positive results in the LDCT group were false positive results across three rounds, and other studies reported that more than 90% of nodules were benign [2, 4, 5] .
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False-positive results lead to unnecessary examinations (both noninvasive and invasive tests) and psychological distress for participants. Additionally, cumulative radiation exposure from annual LDCT screening and additional test procedures could pose additional risk for lung cancer [6] [7] [8] .
Few studies [9] have determined the feasibility of lung cancer screening in Korea. Accordingly, we conducted this cross-sectional study of healthy Korean males aged 40 years and older to examine intentions to be screened among the study population after exposure to information on the benefits and harms of lung cancer screening by LDCT. We also sought to determine factors associated with strong intentions to undergo lung cancer screening based on the Health Belief Model [10] .
Materials and Methods

Sample and sampling
Data were obtained from subjects included in the 2015 Korean National Cancer Screening Survey (KNCSS). Since 2004, the KNCSS has been administered as an annual crosssectional survey to investigate screening rates among Koreans for five common cancers (gastric, liver, colorectal, breast, and cervix) through nationally representative random sampling. Stratified multistage random sampling based on resident registration population data was conducted according to geographic area, age, and sex. The specific methods of this survey have been described elsewhere [11] . Eligibility criteria of the KNCSS included cancer-free men aged 40 years and older and women aged 20 years and older. Data were collected through face-to-face interviews conducted by a professional research agency. A total of 4,000 subjects participated in the KNCSS. The response rate after making contact was 66.0%. Of the respondents, 1,730 men aged  40 years were finally included in this study; since smoking prevalence was too low in women.
Measures
Each participant was asked to complete a questionnaire designed to collect information on socio-demographic characteristics, health-related characteristics, smoking status, and beliefs and intentions to undergo lung cancer screening via LDCT. Smoking status was measured by asking "Have you smoked at least 100 cigarettes in your entire life?" and "Do you now smoke cigarettes every day, some days, or not at all?" to classify subjects into current smokers, former smokers, and never smokers. Additionally, we also asked "number of packs of cigarettes smoked per day" and "number of years smoked" to assess pack-years. Based on the definition published by the Centers for Disease Control and Prevention [12] , smoking status was defined as follows: (1) current smoker: respondents who reported smoking at least 100 cigarettes in their life time and who, at the time of survey, Cues to action (3) Further, participants were divided in to high-risk and average-risk groups based on recommendations from Korean guidelines on lung cancer screening [3] . In the current study, the high-risk (eligible to be screened) group was defined as current smokers and ex-smokers (if less than 15 years had elapsed after smoking cessation) aged 55 to 74 years with a smoking-history of 30 pack-years or more. The average-risk group was defined as men aged 40-74 years not in the high-risk group.
The Health Belief Model (HBM) comprises five constructs: perceived susceptibility (three items), perceived severity (three items), perceived benefits (one item), perceived barriers (three items), and cues to action (three items). Each construct is measured using valid and reliable Likert scales with five response options ranging from "1=not at all or never" to "5=very much or always," except for cues to action. Adapted HBM constructs are described in Fig. 1 .
To assess intentions to undergo lung cancer screening with LDCT, a photo of an individual receiving an LDCT examination was provided to each participant to describe the test. Participants were then explained the benefits of lung cancer screening as follows: "Lung cancer is the leading cause cancer death worldwide. For smokers who have smoked a pack of cigarettes per day over 30 years or who have smoked two packs of cigarettes per day over 15 years, LDCT examination may reduce lung cancer mortality by 20%. However, smokers who have quit cigarettes for more than 15 years are not recommended to undergo screening." Then we asked "Do you want to undergo lung cancer screening through LDCT every year?" Also, we explained the harms of lung cancer screening, after which we asked the participants to describe their willingness to undergo annual lung cancer screening, as follows: "Whenever you undergo an LDCT scan for lung cancer screening, you might be exposed to radiation at a dose higher than recommended and you might also be misdiagnosed. Do you want to undergo lung cancer screening via LDCT every year?" There were four categories of responses: "Definitely yes," "Yes," "No," and "Never." Then, intentions to undergo lung cancer screening were categorized into two categories as follows: (1) strong intention, respondents who answered "Yes" or "Definitely yes" for both questions and (2) weak/no intention, respondents who answered "No" or "Never" for one of the two questions.
Statistical analysis
Descriptive statistics were used to analyze participant characteristics, smoking status, the five constructs of the HBM, and intention to undergo lung cancer screening. Cronbach's alpha coefficient was calculated to examine the internal consistency of HBM constructs before conducting the analysis [13] . Principal axis factor analysis using a Varimax orthogonal rotation was conducted to classify each factor in the HBM model. A rotated factor loading of 0.40 was used to retain an item for further analysis. Factor scores were calculated using mean scores of retained questions in each factor (perceived susceptibility, perceived severity, perceived benefits, and perceived barriers). Due to two-point, Likerttype scales, cues to action were not calculated for a factor score, but categorized as dichotomous variables.
Univariate logistic regression models were applied to examine associations between intentions to undergo lung cancer screening with LDCT and variables in the conceptual framework. Then, variables with a p-value less than 0.10 from univariate analyses were selected for the multivariable analysis according to the average-risk and high-risk groups. Sub-group analyses for smoking status in the average-risk group were also conducted. All statistical analyses were performed using STATA software ver. 12 (Stata Corp. L.P., College Station, TX), and all p-values of < 0.05 were considered statistically significant.
Ethical statement
Informed consent was obtained from all study participants, and this study was approved by the Institutional Review Board of the National Cancer Center, Korea. Table 1 shows the demographic characteristics of the study population. Of 1,730 participants, there were 160 male respondents eligible for lung cancer screening based on Korean lung cancer screening recommendations, accounting for 9.2% of the study population. High-risk participants were found to be less educated, of lower socioeconomic status, of worse health status, and more likely to live in a metropolitan area, comparing to those in the average-risk group.
Results
Smoking-related characteristics are shown in Table 2 . Overall, 65% of participants in the average-risk group were current smokers and 16.8% were former smokers. The mean smoking pack-years for smokers in the average-risk group was 13.6, while it is up to 43.1 among high-risk smokers. The high-risk group also showed greater total years of smoking (42.8 years) and fewer years since quitting smoking (9.6 years), compared to smokers in the average-risk group. Comparing frequencies between average-and high-risk groups using chi-square test. Table 3 demonstrates the mean scores of each question in the HBM regarding lung cancer screening stratified by risk group. From 13 questions, two items (one item to measure perceived barriers and the other to measure cues to action) were excluded due to factor analysis results. After orthogonal rotation, four factors were retained. Men in the high-risk group showed significantly higher perceived susceptibility scores than men in the average-risk group. Further, the highrisk group showed significantly higher percentages for agreement with cues to action items than the average-risk group. Table 4 displays high intention rates among the averageand high-risk groups according to participant characteristics. Overall, 49.9% and 60.2% of the average-and high-risk participants, respectively, reported intentions to undergo lung cancer screening with LDCT. Among average-risk participants, former smokers showed the highest intention rate (57.7%) to undergo screening, while it was lowest among non-smokers (39.1%). In the average-risk group, men who were aged 40-54 years, living with spouse, of higher education level, living in a metropolitan area, and with convenient access to cancer screening units reported stronger intentions to undergo lung cancer screening. Regarding items in the HBM, men who had been recommended lung cancer screening and had previously underwent lung cancer screening had stronger intentions to undergo screening than men who did not. Also, men with higher susceptibility and severity scores for lung cancer, as well as higher benefits scores for lung cancer screening, reported stronger intentions to undergo lung cancer screening, whereas men who had higher scores for barriers to lung cancer screening showed the weakest intentions. Except for variables concerning severity of lung cancer and benefits of lung cancer screening, these tendencies were similar in the high-risk group.
Factors associated with intentions to undergo lung cancer screening with LDCT according to risk groups are presented in Table 5 . Among average-risk men, those who are living in a metropolitan area, had convenient access to a cancer screening unit, and current smokers were, respectively, more than 1.57 (95% confidence interval [CI], 1.25 to 1.97), 1.43 (95% CI, 1.07 to 1.91), and 1.35 (95% CI, 1.02 to 1.79) times more likely to report intentions to undergo lung cancer screening compared to those of men living non-metropolitan areas, had inconvenient access to a cancer screening unit, and non-smokers. Additionally, those who had been recommended lung cancer screening (adjusted odds ratio [aOR], 2.60; 95% CI, 1.54 to 4.38), had previously undergone lung cancer screening (aOR, 1.91; 95% CI, 1.02 to 3.56), and had Number of participants who answered "Agree"/"Somewhat" or "Totally agree"/"Very much", b)
Comparing the mean scores between two groups using t test, c)
Testing differences in the distribution of variables between groups using Mann-Whitney test, d)
Two-point Likert-type scale; comparing agreement rates between groups using chi-square. Percentage of people with strong intentions among the average and high risk groups, b) p-value when comparing strong intention rate between the average-and high-risk groups, c) Comparing means between the strong and weak intention groups using t test, d)
Testing differences in the distribution of variables between the strong and weak intention groups using Mann-Whitney test. Table 5 . Factors associated with intention to undergo lung cancer screening among eligible and ineligible male screenees aOR, adjusted odd ratio; CI, confidence interval; NA, not available.
Discussion
This study was conducted using data from the KNCSS 2015, an annual cross-sectional study employing a nationally representative random sampling method. The average smoking pack-years of eligible screenees for lung cancer screening in this study (mean, 43.1 pack years; 95% CI, 40.5 to 45.9) was lower than that for individuals who participated in the NLST (NLST: 55.5 pack years in CT arm [2] ). Previous studies have reported that current smokers in the United States tend to be from minority racial groups, of lower socioeconomic status, and be less educated [14, 15] . In this study, we also found that high-risk individuals had significantly lower education levels, as well as lower household income, lower health status, and more chronic diseases than average-risk individuals. These would pose significant barriers to participating in lung cancer screening. Thus, invitation strategies need to be carefully devised to achieve equitable participation in lung cancer screening.
In the average-risk group, current (51.4%) and former smokers (57.7%) reported significantly stronger screening intentions than non-smokers (39.1%). The intention rates in the current study were lower than those in previous studies conducted in the United States (59.3%-98.2%) [14] [15] [16] [17] [18] and other countries [19, 20] . These differences can be partly explained by the definition of screening intention. In the current study, we conservatively categorized a person with intentions to undergo lung cancer as those who answered "Yes" or "Definitely yes" to two questions concerning their intentions for lung cancer screening. Up to now, no evidence has been reported on the efficacy of LDCT for lung cancer screening among average risk individuals. Nevertheless, in the present study, 50% of average-risk individuals indicated strong intentions to undergo lung cancer screening. Accordingly, we should stress the importance of educating the general population on the possible benefits, limitations, and known and uncertain harms, as well as screening criteria, for lung cancer. Further, for those current smokers who did not meet screening criteria, smoking cessation should be emphasized.
The rate of intentions to undergo lung cancer screening with LDCT in the high-risk group was higher than that in the average-risk group (60.6% vs. 49.9%). Albeit men in the highrisk group had the strongest intentions, this rate was still lower than those in other studies assessing willingness to be screened in high-risk populations [16, 19, 21] . The possible explanation is that, in the current study, we described both the benefits and the harms of LDCT to the participants, which might have weakened intentions. Among high-risk men, those who underwent regular health check-ups were more likely to have strong intentions to undergo screening for lung cancer than those who did not (aOR, 2.88; 95% CI, 1.21 to 6.82). Also, men who had higher perceived susceptibility of getting lung cancer were more likely to have strong intentions to undergo lung cancer screening (aOR, 2.30; 95% CI, 1.14 to 4.63) than those with lower perceived susceptibility. However, men facing greater perceived barriers to screening reported weaker intentions to undergo lung cancer screening (aOR, 0.52; 95% CI, 0.29 to 0.92) than those with lower perceived barriers. These findings are similar to previous studies on high-risk populations [16, 19, 21, 22] . In particular, our finding supports a previous study in which fear of radiation exposure was found to be related to weaker intentions to be screened among smokers [18] .
Although perceived susceptibility was found to be a significant factor boosting intentions for lung cancer screening, only around 35% of men in the high-risk group believed that they had a higher risk of getting lung cancer than people of similar age. Also, 25% of men in the high-risk group said that they worried about lung cancer. In other words, around 65%-75% of men in the high-risk group did not perceive that they were highly susceptible to lung cancer. These low perceptions of lung cancer risk may be a factor affecting hesitation with lung cancer screening in high-risk individuals. Thus, there may be a need to educate people on determining their lung cancer risk in order to increase adherence with lung cancer prevention and early detection programs.
Perceived barriers were found to be a significant factor affecting weaker intentions to undergo lung cancer screening. In the current study, approximately 58% of men in the high-risk group perceived that the LDCT test would be painful, compared to 49% of men in the average-risk group. Even though we explained the features of LDCT to participants using a picture card, on average, half of the study participants worried about pain during the examination. On the contrary, there was less concern for radiation exposure from LDCT in both groups. This suggests that education about the LDCT test is required. We also considered the cost of LDCT as a barrier to lung cancer screening; however, it was excluded from the final analysis due to low factor loading in factor analysis. Nevertheless, if lung cancer screening can be covered by national cancer screening programs, screening costs would not be a potential barrier to lung cancer screening.
Among other modifiable factors, residency area was associated with lung cancer screening intentions in both averagerisk and high-risk groups. In particular, in high-risk men, those who lived in a metropolitan area showed higher odds of intending to undergo lung cancer screening (aOR, 5.98; 95% CI, 2.34 to 15.23) than those lived in a non-metropolitan area. In the average-risk group, men with convenient access to a cancer screening center were more likely to have strong intentions to undergo lung cancer screening. This suggests VOLUME 50 NUMBER 4 OCTOBER 2018 1103 that greater availability to LDCT may increase intentions to undergo the test, which could lead to a moral hazard if LDCT is widely provided without considering exposure of lung cancer risk [23] . Thus, comprehensive education on the benefits and harms of LDCT and eligibility criteria for lung cancer screening should be provided to the general population. Interestingly, in the average-risk group, cues to action in HBM were significantly associated with intentions to undergo lung cancer screening, whereas in the high-risk group, they were not. Particularly, in the average-risk group, those who had ever been recommended lung cancer screening were 2.60 times more likely to have intentions to undergo lung cancer screening than those who had never been recommended. This suggests that a doctor's recommendation has a tremendous influence on intentions to be screened in average-risk populations. Thus, it is necessary for doctors to provide clear information on lung cancer screening, especially for screening targets.
This study was conducted to examine intentions to undergo lung cancer screening among the general Korean male population. We used nationwide data in the context of a stratified, multistage, random sampling procedure and were representative of the general Korean male population. We estimated that there were 160 eligible screenees for lung cancer screening, accounting for 22.4% of people aged from 55-74 years in this study. Furthermore, we attempted to provide balanced information on the benefits and harms of LDCT, and tried to assess participants' decision making for lung cancer screening based on this information. Nevertheless, our study has several limitations. First, data on demographic characteristics and smoking status were selfreported; therefore, although the interviewers received standardized training, recall and interviewer biases remain likely. Second, we employed a cross-sectional design, such that it was not possible to discern causal relationships.
Finally, we examined intentions rather than actual behaviors. We could not calculate the percentage of the population who would actually undergo the screening test. Future studies could benefit from recording this information for use in analyses.
In the current study, among the five constructs of the HBM, perceived susceptibility was found to be a significant factor affecting lung cancer screening intentions. This suggests a need to educate people on their lung cancer risk. Also, perceived barriers (concerns for radiation exposure and pain with LDCT) appeared to negatively affect lung cancer screening intentions. Our findings provide directions for developing psychological interventions to promote the use of LDCT for lung cancer screening. Interventions designed to promote accurate perceived susceptibility and risk, as well as to reduce perceived barriers, may effectively increase adherence with lung cancer screening recommendations among high-risk individuals. Furthermore, educating lower-risk individuals on their relative risk of developing lung cancer, as well as the harms of LDCT for lung cancer screening, is needed. In particular, smoking cessation interventions for current smokers, both those who meet lung cancer screening criteria and those who do not, should be provided within the context of LDCT cancer screening.
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